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  1 
Abstract—A nonlinear method to generate and control both the 2 
type and magnitude of the birefringence, as well as differential 3 
group delay (DGD) in optical fibers is studied. Experiments show 4 
that both parameters of birefringence can be dynamically changed 5 
with only a slight variation of the SBS-induced gain of the system. 6 
The method is based on exploiting polarization dependence of 7 
stimulated Brillouin scattering in optical fibers. The generation of 8 
controlled DGD and DGD dispersion (DGDD) is also 9 
demonstrated. Proof-of-concept experiments are provided 10 
showing the feasibility of dynamically inducing linear, circular 11 
and elliptical birefringence, as well as DGD and DGDD. 12 
 13 
Index Terms—Stimulated Brillouin Scattering, polarization, 14 
birefringence, differential group delay, group velocity dispersion. 15 
 16 
I. INTRODUCTION 17 
irefringence is a fundamental property of matter that is 18 
exploited in a wide range of optical devices, from 19 
waveplates and liquid crystal displays to optical modulators and 20 
specialty fibers. Natural anisotropic materials and 21 
metamaterials showing form birefringence exhibit a constant 22 
magnitude of this parameter for a given direction that can be 23 
linear, circular or, in general, elliptical. For example, 24 
waveplates for polarization control exhibit a constant amount 25 
of birefringence and, thus, they are used to change in a fixed 26 
way the state of polarization (SOP) of a signal.  27 
Some materials allow the control of the magnitude of the 28 
birefringence by applying an electric field that mainly induces 29 
a linear birefringence through Kerr effect or a magnetic field 30 
which induces circular birefringence (optical activity) through 31 
Faraday effect. However, in these only the amount of 32 
birefringence can be dynamically controlled.  33 
Further versality could be achieved if not only the magnitude 34 
of the birefringence but also its type could be dynamically 35 
changed, for example, to go from linear to circular 36 
birefringence. Artificially structured metamaterials [1-2] have 37 
been designed to offer arbitrary birefringence, which can offer 38 
additional degrees of freedom in the design of optical systems 39 
[3]. Devices able to dynamically change its fundamental 40 
properties can be leveraged to enlarge the collection of 41 
reconfigurable optical systems in fields such as optical 42 
networks and sensing. 43 
Nonlinear phenomena offer an alternative path to tackle this 44 
challenge. Stimulated Brillouin scattering (SBS) [4] has a 45 
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polarization-dependent behavior [5] and it has been used to 46 
implement polarization pulling [6] through its amplitude 47 
response as well as analogues to polarization controllers 48 
through its phase response [7]. In parallel, group delay control 49 
(slow light) using SBS has been extensively studied for optical 50 
buffering [8-12] but little attention has been paid to exploiting 51 
the polarization dependence of delays generated from SBS [13]. 52 
Here, we report on the use of a nonlinear effect to 53 
dynamically induce birefringence in optical fibers controlling 54 
both its amount and its type as well as differential group delay 55 
by exploiting the polarization dependence of SBS [5]. This 56 
method to achieve arbitrary birefringence can be applied to the 57 
synthesis of PMD emulators as well as a new tool in optical 58 
signal processing. 59 
II. THEORY AND OPERATING PRINCIPLE 60 
An isotropic transmission medium in which the refractive 61 
indexes of orthogonal propagation modes (𝐿𝑃01𝑥 and 𝐿𝑃01𝑦  in 62 
a single-mode optical fiber), 𝑛𝑥 and 𝑛𝑦, are different, is known 63 
as birefringent. Birefringence, 𝐵𝑚, is defined as 64 
 65 
                       𝐵𝑚 = |𝑛𝑥 − 𝑛𝑦|.              (1) 66 
 67 
The change in the refractive index between orthogonal axes 68 
is related to the polarization-dependent phase shifts produced in 69 
the propagating medium according to 70 
 71 
                   𝑛𝑥 = 𝑛0 + 𝛥𝑛𝑥 = 𝑛0 + 𝜙𝑥
𝜆
2𝜋𝐿
                (2. 𝑎) 72 
                   𝑛𝑦 = 𝑛0 + 𝛥𝑛𝑦 = 𝑛0 + 𝜙𝑦
𝜆
2𝜋𝐿
                (2. 𝑏) 73 
 74 
where 𝐿 is the fiber length, 𝑛0 is the effective refractive index, 75 
and 𝜙𝑥, 𝜙𝑦 are the polarization-dependent phase shifts 76 
generated in the optical fiber. Thus, birefringence can be 77 
manipulated via polarization-dependent phase shifts, 78 
 79 
          𝐵𝑚 = |𝑛𝑥 − 𝑛𝑦| =  
𝜆
2𝜋𝐿
|𝜙𝑥 − 𝜙𝑦|.           (3) 80 
 81 
SBS is a compelling candidate to dynamically induce such 82 
phase changes. Brillouin scattering originates from the inelastic 83 
scattering of photons by acoustic phonons in optical materials. 84 
Due to electrostriction in the optical waveguide, a moving 85 
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2 
acoustic wave is generated which transfers energy from the 1 
pump to a counterpropagating signal, creating a gain frequency 2 
response. Thus, the pump coherently amplifies the optical probe 3 
at the downshifted Stokes frequency. At the same time, the 4 
counterpropagating signal transfers energy to the pump at the 5 
upshifted anti-Stokes frequency, inducing a loss frequency 6 
response.  Both gain and loss processes also induce a phase shift 7 
as given by the Kramers-Kronig relations.  8 
Let 𝑓𝑃1 and 𝑓𝑃1′ be a primary pair of pumps located at 𝑓0 ∓9 
(𝜈𝐵 + 𝛥𝜈𝐵/2) from the band of interest 𝑓0, where 𝛥𝜈𝐵  is the 10 
FWHM bandwidth of the Brillouin gain response and 𝜈𝐵 is the 11 
Brillouin frequency shift. Each pump of the pair generates a 12 
gain/loss Brillouin response over the x polarization axis (see 13 
Fig.1a). Each response causes a variation in the refractive index 14 
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 is the Brillouin gain factor, 𝑃𝑝 is the pump power, 𝐿𝑒𝑓𝑓  20 
is the effective interaction length of the fiber, 𝐴𝑒𝑓𝑓 is the 21 
effective area of the fiber [7].  22 
If SBS is induced in single-mode fibers with fixed low 23 
birefringence, its gain and phase responses have polarization-24 
dependent characteristics [4]. This polarization dependence of 25 
SBS is introduced by the 𝜉 factor, which is 2/3 if the 26 
counterpropagating signal SOP is aligned to the pump SOP, and 27 
1/3 if they are orthogonal.  28 
A gain plus a loss SBS response can be combined, as shown 29 
in Fig. 1a, if a symmetric pair of pumps is used. Thus, the 30 
combined amplitude response is always compensated whereas 31 
the refractive index reaches a negative minimum at the 32 
frequency of interest 𝑓0, as shown in Fig 1b. 33 
From the signal perspective, during its propagation through 34 
the fiber it experiences different refractive indexes according to 35 
its SOP. At the frequency of interest 𝑓0, the signal effectively 36 
experiences the following variations around the effective 37 
refractive index 𝑛0  38 
 39 
𝛥𝑛1𝑥 =  − 𝜉∥  
𝑔0𝑃𝑝𝐿𝑒𝑓𝑓𝑐
𝐴𝑒𝑓𝑓2𝜋𝐿𝑓0
     (5. 𝑎) 40 
𝛥𝑛1𝑦 =  − 𝜉⊥  
𝑔0𝑃𝑝𝐿𝑒𝑓𝑓𝑐
𝐴𝑒𝑓𝑓2𝜋𝐿𝑓0
.    (5. 𝑏) 41 
 42 
When the SOP of the signal is aligned with the pump’s SOP, 43 
i.e. the x axis, it turns out that 𝜉 = 𝜉∥ = 2/3. On the other hand, 44 
when it is aligned to the y axis (orthogonal SOP) 𝜉 = 𝜉⊥ = 1/3. 45 
This difference in both factors 𝛿𝜉 = 𝜉∥ − 𝜉⊥ = 1/3 is sufficient 46 
to generate birefringence via SBS.  47 
Now, let’s consider a secondary pump pair, 𝑓𝑃2 and 𝑓𝑃2′, at 48 
𝑓0 ∓ (𝜈𝐵 − 𝛥𝜈𝐵/2) set along the y polarization axis. Their SBS 49 
responses are similar to those in Fig. 1, but the induced 50 
refractive index variations reach a maximum positive value at 51 
𝑓0 52 
 53 
𝛥𝑛2𝑥 =  𝜉⊥  
𝑔0𝑃𝑝𝐿𝑒𝑓𝑓𝑐
𝐴𝑒𝑓𝑓2𝜋𝐿𝑓0
     (6. 𝑎) 54 
𝛥𝑛2𝑦 =  𝜉∥  
𝑔0𝑃𝑝𝐿𝑒𝑓𝑓𝑐
𝐴𝑒𝑓𝑓2𝜋𝐿𝑓0
.    (6. 𝑏) 55 
 56 
The variation in the refractive index induced by the primary and 57 
secondary pumps at the central frequency 𝑓0 is 58 
 59 
𝛥𝑛𝑥0 = 𝛥𝑛1𝑥 + 𝛥𝑛2𝑥 = −𝛿𝜉
𝑔0𝑃𝑝𝐿𝑒𝑓𝑓𝑐
𝐴𝑒𝑓𝑓2𝜋𝐿𝑓0
           (7. 𝑎) 60 
𝛥𝑛𝑦0 = 𝛥𝑛1𝑦 + 𝛥𝑛2𝑦 = 𝛿𝜉
𝑔0𝑃𝑝𝐿𝑒𝑓𝑓𝑐
𝐴𝑒𝑓𝑓2𝜋𝐿𝑓0
.            (7. 𝑏) 61 
 62 
Thus, the total birefringence, defined in (1), can be maximized 63 
in the band of interest 64 
 65 
                       𝐵𝑚0 = 2𝛿𝜉
𝑔0𝑃𝑝𝐿𝑒𝑓𝑓𝑐
𝐴𝑒𝑓𝑓2𝜋𝐿𝑓0
.             (8)           66 
 
Fig. 1.  Combined SBS-induced (a) gain (green) and (b) refractive index (red) 
responses generated by two pumps symmetrically placed at 𝑓0 ∓ (𝜈𝐵 +




Fig. 2.  Maximization of birefringence in an optical fiber at 𝑓0 using primary 
(𝑓𝑃1, 𝑓𝑃1′) and secondary (𝑓𝑃2, 𝑓𝑃2′) pairs of pumps. The variation of refractive 
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3 
This process is illustrated in Fig. 2, using two pairs of 1 
orthogonal pumps to combine their responses to maximize the 2 
birefringence induced at 𝑓0. 3 
Each pair of pump waves can easily be achieved by biasing 4 
an external modulator at the minimum bias point (MITB) with 5 
a microwave signal of frequency, as shown in Fig. 3. 6 
A. SBS-induced Dynamic Arbitrary Birefringence  7 
The previous analysis has been carried out considering signal 8 
and pumps on an x-y basis state. It can be extended to any 9 
orthogonal basis in order to arbitrarily manipulate the system 10 
birefringence.  11 
The birefringence induced through SBS can be expressed 12 
using the generalized Jones matrix formalism as,  13 
 14 
                                            𝑱 = 𝑭−𝟏 𝑱𝑺𝑩𝑺 𝑭                                  (9) 15 
 16 
where 𝑱 is the Jones matrix of the nonlinearly induced 17 
birefringence, and 𝑭 is the transformation matrix related to the 18 
arbitrary SOP of the pump. It can be calculated from the SOP 19 
of the orthogonal pumps as basis states [5], and 𝑱𝑺𝑩𝑺. 20 




𝐺1∥𝐴1∥ 𝐺2⊥𝐴2⊥ · exp (i
π𝐿𝑓0
𝑐
𝐵𝑚0)                  0    




) (10) 24 
 25 
where 𝐺∥ and  𝐺⊥ are the maximum and minimum Brillouin 26 
gains, respectively, whilst 𝐴∥ and 𝐴⊥ are the maximum and 27 
minimum Brillouin loss, and 𝐵𝑚0 is the maximum 28 
birefringence generated at 𝑓0 from both the primary and 29 
secondary pumps. When the gain and loss amplitude responses 30 
overlap, they compensate each other, i.e. |𝐺∥| · |𝐴∥| ≅ 1, and 31 
|𝐺⊥| · |𝐴⊥| ≅ 1. Thus, the system behavior is equivalent to an 32 
isotropic retarder without significant power change at 𝑓0, 33 
granting transparency to the nonlinear media.   34 
The effect of the pump SOP on the induced birefringence is 35 


















) (11) 39 
 40 
where 𝛿 is the azimuth of the major axis of the ellipse of 41 
polarization of the pump and 𝜑𝑥 , 𝜑𝑦 represent the phases of the 42 
electric-field components along x and y axes.  43 
Linear birefringence is obtained when the pump pairs have 44 
linear SOPs (horizontal and vertical) as shown in Fig. 4a. For 45 
circular birefringence, pump pairs with left and right circular 46 
polarizations are used instead (Fig. 4b).  In general, elliptical 47 
birefringence is obtained when the SOP of the pump pairs is 48 
elliptical (Fig. 4c).  49 
Thus, arbitrary types of transparent birefringent elements can 50 
be implemented by choosing the state of polarization of the 51 
pump. The amount of birefringence is determined by the pump 52 
power and the reconfigurability speed is mainly given by the 53 
length of the medium used for the Brillouin interaction. 54 
B. SBS-induced Dynamic Differential Group Delay  55 
The SBS-induced birefringence is associated to a variation in 56 
the group velocity of orthogonal polarization axes (𝜏𝑔𝑥, 𝜏𝑔𝑦), 57 
i.e. it could induce a differential group delay (DGD) 58 
 59 





                     (12) 60 
 61 
with 𝜔 the angular frequency and 𝑐 the speed of light.   62 
As it can be seen in Fig. 2, if only the primary pumps, 𝑓𝑃1 63 
and 𝑓𝑃1′, are applied, birefringence has a peak value at 𝑓0, which 64 
corresponds to zero group delay at this frequency and 65 
consequently, no DGD.   66 
On the other hand, maximum/minimum group delay along x 67 
axis is located approximately at 𝑓0 ± 𝛥𝜈𝐵/2, 68 
 69 











. (13) 70 
 71 
In a similar way, maximum/minimum group delay along the 72 
y axis at the same frequencies can be obtained 73 
 74 
 
Fig. 4.  Dependence of the type of birefringence with the SOP of the pump 
signal: (a) linear birefringence with linear pump (b) circular birefringence with 
circular pump and (c) elliptical birefringence with elliptical pump.  
  
 
Fig. 3.  Brillouin-based variable birefringence device. 
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. (14) 1 
 2 
A graphical representation of both delays can be seen in Fig. 3 
5a. By employing (12), the maximum induced DGD can be 4 
determined  5 
 6 












     (15) 7 
 8 
For frequencies 𝑓 < 𝑓0, the y axis takes the role of fast axis, 9 
since its induced group delay is positive. Meanwhile, if a light 10 
beam with frequencies 𝑓 > 𝑓0 is set in the x polarization axis, it 11 
will propagate faster than if it would be in the y polarization 12 
axis. In other words, x and y axis act as a frequency dependent 13 
fast/slow light generator pair. Thus, DGD can be easily 14 
manipulated by adjusting the power of pumps in the x and y 15 
axis. However, the SBS-induced gain/loss response (Fig. 1.a) 16 
must also be considered. It affects the signal at 𝑓0 ± 𝛥𝜈𝐵/2 by 17 
intrinsically generating a single sideband modulation. 18 
Therefore, using only a single pair of pumps it is expected to 19 
experience only slow light signals. 20 
C. SBS-induced Dynamic Differential Group Delay 21 
Dispersion 22 
Another property derived from the DGD is the DGD 23 
dispersion (DGDD) or second-order DGD. This is determined 24 
as the difference between slopes of the induced group delays on 25 
x and y axis. Each slope is, by definition, the induced group 26 
velocity dispersion (GVD) in the corresponding propagation 27 
axis. At 𝑓0, it is 28 
 29 








.         (16) 31 
 32 
As it is shown in Fig. 5b, this value is not uniform over the 33 
bandwidth 𝛥𝜈 and is not the maximum value. As in previous 34 
studied cases, DGDD can be controlled by modifying the pump 35 
power. 36 
Analogous analysis can be carried out for the secondary pairs 37 
of pumps 𝑓𝑃2 and 𝑓𝑃2′, resulting in the curves of Fig. 5 but 38 
inverted. Additionally, the transformation enounced in Section 39 
IIA for a different pair of orthogonal pumps is also valid.   40 
III. EXPERIMENTAL SETUP 41 
Experiments have been carried out to proof the concept of an 42 
arbitrary birefringent element, differential group delay and 43 
differential group delay dispersion, induced by SBS. 44 
Figure 6 shows the block diagram used to demonstrate the 45 
feasibility of the nonlinearly-induced arbitrary birefringence 46 
and its properties.  47 
An optical signal at 𝜆 = 1548.25 nm is split into two paths: 48 
the upper one is used to generate the pump waves whereas the 49 
lower one experiences variable birefringence. The pump is 50 
generated by amplitude modulation of the optical signal using 51 
two Mach-Zehnder modulators (MZM1 and MZM2) at 52 
minimum transmission bias (MITB) and fed by two microwave 53 
oscillators with frequencies 𝑓𝑃1 and 𝑓𝑃2. An optical circulator 54 
(OC1) directs the pump towards an optical fiber where its 55 
induced birefringence is controlled. The fiber is made of 1-km 56 
highly nonlinear fiber (HNLF). Brillouin parameters for this 57 
fiber are 𝛥𝑣𝐵 = 70 MHz, 𝑔0 = 7.19𝑥10
−12 m/W, 𝐴𝑒𝑓𝑓 = 11 58 
µm2 and  𝜐𝐵 = 9.64 GHz at 1548 nm. A fiber Bragg grating 59 
(FBG) in reflection mode (bandwidth of 12.5 GHz) is used to 60 
filter out backward residual pump waves. Birefringence is 61 
controlled by adjusting the pump power through the EDFA and 62 
changing the SOP of the pump waves.  63 
In experiments related to DGD, the SOP of the primary pair 64 
of pumps, 𝑓𝑃1 and 𝑓𝑃1′, is set to horizontal linear polarization 65 
and the SOP of the secondary pair of pumps, 𝑓𝑃2 and 𝑓𝑃2′, in 66 
vertical linear. In the signal path, a Mach-Zehnder modulator 67 
(MZM) at quadrature bias point fed by an arbitrary waveform 68 
generator (AWG, Rigol DG1062) is used to generate optical 69 
pulses. To induce DGD by SBS, the signal is set in horizontal 70 
SOP by a polarization controller (PC) and the primary pump is 71 
turned on. Then, the primary pump is turned off and the 72 
secondary pump is enabled. A photodiode (PD) receives the 73 
optical signal and converts it to the electrical domain. Finally, 74 
the output signal is analyzed by a Vector Network Analyzer 75 
(VNA, HP8510C) and its waveform is acquired by digital 76 
oscilloscope (Tektronix TDS 3032) to be further processed.  77 
 
Fig. 6.  Experimental setup. 
  
 
Fig. 5.  SBS-induced (a) group delay and (b) group velocity dispersion 
responses of two pumps symmetrically placed at 𝑓0 ∓ (𝜈𝐵 + 𝛥𝜈𝐵/2). Effects 
produced along x and y axis are plot in solid and dashed lines, respectively. 
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5 
Thermal variations will change 𝜈𝐵, and, in consequence, it 1 
will be necessary to readjust pumps’ frequencies. Vibrations 2 
also affect the states of polarization of pump and signal, which 3 
is reflected as additional noise in the signal. Despite this, no 4 
significant changes in the system behavior have been observed 5 
during the experiments.   6 
IV. RESULTS AND DISCUSSION 7 
A. SBS-induced Dynamic Arbitrary Birefringence 8 
The Brillouin-induced birefringence grows with Brillouin 9 
gain, which in turn is proportional to the effective length and 10 
pump power. This dependence can be seen in Fig. 7, where 11 
birefringence has been estimated from the retardance measured 12 
using the Poincaré sphere method [15]. It shows measurements 13 
of the SBS-induced birefringence for an input signal of 0.08 14 
mW as a function of pump power for three types of 15 
birefringence: linear ([(1, 0)]𝑇 , [(0, 1)]𝑇), circular ([1/√2(1,16 
𝑗)]𝑇 , [1/√2(1, −𝑗)]𝑇) and elliptical ([1/√2(1 + 𝑗, 0)]𝑇 , ([1/17 
√2(0, 1 − 𝑗)]𝑇). Figure 7 also shows that this technique can 18 
provide different kinds of birefringence with the same 19 
efficiency, i.e., the same pump power induces the same 20 
retardance for linear, circular, and elliptical birefringence. In all 21 
cases, the relation is linear. The magnitude of the birefringence 22 
can be continuously tuned by changing pump power. 23 
When a change in the birefringence is performed, only a 24 
slight variation in the SBS-induced gain is observed because of 25 
the combination of gain and loss responses, as shown in Fig. 8. 26 
Results show that the SBS-induced gain depends on the pump 27 
power and the type of induced birefringence, remaining below 28 
1.1 dB in the full range of operation. 29 
Figure 9a shows the evolution of the signal SOP at the output 30 
of the optical fiber when circular birefringence has been 31 
nonlinearly induced. It shows that when the power of the pump 32 
is changed from 5 mW to 90 mW (Fig. 7) half of a 33 
circumference (blue dots) on the Poincaré sphere is described. 34 
The rest of the circumference is covered by swapping the pumps 35 
𝑓𝑃1 and 𝑓𝑃2 (red dots), so in this way it is avoided an excessive 36 
increment of the pump power, which could compromise system 37 
linearity. 38 
For the linear birefringence, the rotation is obtained in the 39 
same way, but the SOPs of the pump waves are linear at 90° 40 
and 0° (Fig. 9b). Finally, Fig. 9c and Fig. 9d show elliptical 41 
birefringence when the SOPs of the pump waves are elliptical 42 
with Jones vectors ([1/√2(1 + 𝑗, 0)]𝑇 , ([1/√2(0, 1 − 𝑗)]𝑇) 43 
and ([1/√2(0, 1 + 𝑗)]𝑇 , ([1/√2(1 − 𝑗, 0)]𝑇), respectively. 44 
B. SBS-induced Dynamic Differential Group Delay and 45 
Differential Group Delay Dispersion 46 
Figure 10 presents the results obtained for the SBS-induced 47 
group delay (blue) and group velocity dispersion (magenta). 48 
Again, the polarization-dependent characteristics of both 49 
responses can be appreciated. Maximum group delay is reached 50 
at 36.5 MHz for both exposed cases (when the signal SOP is 51 
aligned to the pump SOP and when it is orthogonal to the pump 52 
SOP). From this difference the maximum differential group 53 
delay (DGD), which is 8.18 ns in a 1 km fiber reel using a pump 54 
power of 80 mW, can be extracted. For the sake of comparison, 55 
 
Fig. 7.  Experimental measurement of birefringence as a function of pump 




Fig. 8.  SBS-induced gain at the central frequency as a function of pump power 
for (blue) linear, (red) circular and (green) elliptical induced birefringence. 
  
 
Fig. 9.  Evolution of the state of polarization represented on the Poincaré 
sphere for different types of nonlinearly induced birefringence: a) circular, b) 
linear; c) and d) elliptical. 
  
 
Fig. 10.  SBS-induced group delay (blue) and group velocity dispersion 
(magenta) frequency responses of a transmitted signal with SOP aligned (solid 
line) and orthogonal (dashed line) to the pump SOP. 
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6 
the PMD parameter value, DPMD, associated to this SBS-1 
induced DGD is around 16000 times higher than the RMS value 2 
of DGD produced by the propagation of a light beam through 3 
the same distance of standard single mode fiber, typically 4 
around DPMD = 5 ps km
-1/2.  5 
Group velocity dispersion (magenta), determined by the 6 
derivative of group delay responses, takes positive and negative 7 
values around 36.5 MHz, at the point where group delay reaches 8 
a peak. The maximum negative value of GVD is -800 ns2 at 45 9 
MHz, when the signal SOP is aligned to the pump SOP. By 10 
considering that the length of the employed fiber is 1 km, the 11 
resultant GVD value is much greater than the typical value of 12 
GVD parameter in a standard single mode fiber (𝛽2 = 20 13 
ps2/km). When signal and pump SOPs are orthogonal, the GVD 14 
is reduced a 50%. Located at the frequency of 50.9 MHz, the 15 
maximum measured DGDD value is 534.2 ns2.  16 
Additional tests were carried out using pulses with a full 17 
width at half maximum (FWHM) of 50 ns modulated in 18 
amplitude at a frequency of 35 MHz (in the region of maximum 19 
DGD as shown in Fig. 10), which were transmitted into the 20 
arbitrary birefringent system to test the DGD. As other SBS-21 
based systems, the limited time-bandwidth product prevents the 22 
possibility of delaying narrower pulses [10]. The results are 23 
shown in Fig. 11. When the pump is on and its SOP is aligned 24 
to the signal, the signal experiences a stronger delay (red solid 25 
line) in relation to the signal without pump (black solid line) 26 
and also to the signal orthogonal to the pump SOP (blue dashed 27 
line). The measured DGD was 7 ns using 100 mW of pump 28 
power. As discussed in Section II.B, the sign of the group delay 29 
cannot be changed since it can only be induced using the gain 30 
response of the SBS. Unlike baseband signals, being away from 31 
𝑓0, the signal amplitude is altered by the SBS gain response, 32 
which increases with pump power. Aligned signal exhibits a 33 
higher amplitude than the orthogonal due to the polarization 34 
dependent characteristics of SBS gain response [5][9]. The 35 
influence of pump power and its SOP in baseband optical pulses 36 
can be seen in Fig. 12. These pulses were demodulated by 37 
employing digital envelope detection. In the range of pump 38 
powers from 10 mW to 100 mW, distortion in pulses is 39 
moderate. 40 
Figure 13 shows the measured group delay of baseband 41 
pulses for different pump powers. The DGD is larger as the 42 
pump power increases. The maximum group delay obtained 43 
was 18.4 ns using a pump power of 100 mW when signal and 44 
 
Fig. 11.  Measurement of modulated pulses of FWHM = 50 ns at 35 MHz 
transmitted through the optical fiber without pump (solid black line) and with 
SOP aligned (solid red line) and SOP orthogonal (solid blue line) to the pump 
SOP.  Received baseband pulses are represented by the envelope (dashed 
lines) of the signals. 
  
 
Fig. 13.  Group delay (blue and red) and differential group delay (green) as a 
function of pump power for baseband optical pulses of FWHM = 50 ns 





Fig. 12.  Baseband optical pulses (FWHM = 50 ns) normalized in peak 
amplitude affected by SBS when signal and pump SOPs are (a) aligned and 
(b) orthogonal. 
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7 
pump SOPs are aligned. When both are orthogonal, the group 1 
delay was 11.4 ns. The obtained delays are in line with previous 2 
results [9-12].  3 
The system behavior can be alternatively analyzed through 4 
its frequency response. The SBS-induced gain and phase 5 
frequency responses have been measured using a vector 6 
network analyzer and the results are shown in Fig. 14. The 7 
polarization dependence of SBS-induced gain and phase 8 
frequency responses is clearly shown. When the signal SOP is 9 
aligned to the pump SOP (green line), gain and phase responses 10 
are enhanced, with a gain peak of nearly 2 dB and a phase shift 11 
of around -140 degrees at 40 MHz. On the other hand, the 12 
orthogonal case provides a modest maximum gain of less than 13 
1 dB at 30 MHz and a minimum phase of -40 degrees at 55 14 
MHz. In the range of 20 MHz to 45 MHz, phase responses 15 
present a well-defined slope. The difference between the slopes 16 
of both phase responses indicates the presence of DGD, which 17 
is consistent with the results depicted in Fig. 10.  18 
V. CONCLUSION AND FUTURE WORK 19 
A new method to achieve arbitrary control over the 20 
birefringence experienced by light as it propagates through an 21 
optical fiber has been proposed and demonstrated. As far as we 22 
know it is the first technique to achieve dynamic change on the 23 
birefringence type and magnitude in optical fibers in an all-24 
optical fashion, allowing well defined trajectories on the 25 
Poincaré sphere which are very hard or not possible to 26 
accomplish using mechanical adjustable polarization 27 
controllers or waveplates. This new approach can contribute to 28 
increase the collection of tools available to achieve better 29 
control of light propagation in guided media and rethink 30 
traditional optical devices. Additional properties derived from 31 
this method were extensively studied: SBS-induced group delay 32 
and group velocity dispersion. The strong dependence with 33 
polarization, allowing the generation and manipulation of 34 
differential group delays and differential group delay 35 
dispersion, have been demonstrated. Thus, an optical fiber has 36 
been transformed via SBS into an arbitrarily-manipulated 37 
birefringent, delay-generator and highly dispersive propagating 38 
media.  39 
Power consumption could be improved by using a more 40 
efficient nonlinear medium, such as photonic crystal fibers. 41 
This will also induce a larger birefringence, and, in turn, it 42 
would allow the simplification of the setup by removing one 43 
pump pair.  44 
Further work is needed to simplify the setup, investigate the 45 
use of this new approach in optical integrated waveguides 46 
exploiting Brillouin effect [15] and extend the concept to other 47 
nonlinear effects and thus overcome some limitations of SBS as 48 
its limited time-bandwidth product.  49 
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Fig. 14.  Frequency responses of the SBS-induced gain (green) and phase (red) 
of a transmitted signal with SOP aligned (solid line) and orthogonal (dashed 
line) to the pump SOP. 
  
